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SUMMARY

Resultsarepresentedof a flightinvestigationto determinethe
aerodynamiccharacteristicsof a supersonicpropellermodifiedby the
incorporationofhigherthanoptimumadvanceangles.Thepropellerwas
designedfora forwardMachnumberof 0.95,an advanceratioof 3.2,
enda powercoefficientof0.42. TheefficiencyofthepropelJeris
approximately79percentat a Machnumberof 0.95.At lowerMachnum-

.

herstheeff~cien-~ishigher,beingabout
of 0.75.Thedeparturefromoptimumangle
fortheadvanceratiosinvestigated.

INTRODUCTION

85percentata Machnumber
of advancehasa smslleffect

TheNationelAdvisoryCommitteeforAeronauticsisengagedb a
progrsmofflight“researchonpropellersdesi~d fortransonicforward
flight. Theprimaryobjectiveoftheprogramisto assesstherelative
importanceofdesignparameters.Parametersconsideredb be of impor-
tanceare(1)optimumsngleof sdvanceand(2)minimum-thiclmess-ratio
distribution.

b thetransonicrsngeneara Machnumberof 1,profileefficiency
istheprharyconsiderationsinceprofilelossesarehigh-whereasthe
inducedlossesarelow. Consequently,themostefficientpropelleris
theoneforwhichtheprofileefficiencyismaximized.Msximmprofile
efficiencyoccursat an angleof advancecloseto 45°. Thehighrota-
tionalspeedsrequiredtomaintainthisadvanceangleattrsnsonicfor-
wardMachnumbersaresuchthattheupperstresslimltsof available
materialsmustbeused. Inadditionta thehighstresses,thehigh
rotationalspeedsresultin supersonichelicslMachnuuibersalongthe
bladeandproducehighnoiselevels.Theseconditionshavegenerated
thedesignation“supersonicpropeller”forpropellersofthistype.

Thesecondparameterof importanceinthedesignofpropellersfor
transonicforwardspeedsisminimumthicknessratio.Inorderto actieve
maximumprofileefficiency,vsluesoflift-dragratioashighaspossible
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arerequired.At supersonicspeedshighlift-dragratiosareachieved
onlyby lowthiclmessratios.Thus,minimumvsluesofthicknessratios
aredesired.

*

l.–

E&h of theseconcepts(optimumangleof advanceandminimumthick-
nessratio)wereincorporatedinthedesignofthesupersonicpropeller
of reference1. Thispropellerproducedhighaerodynamicefficiency,
beingon theorderof 79percentatthedesignMachnumberof0.95. The
propellerdiscussedhereinincorporatedthesamethiclmess-ratiodistri-
butionasthesupersonicpropellerbuthsdgreaterthanoptimumpitch
distributionandlow6rrotationalspeeds.Thelowerrotationalspeeds
allowedlowerpropellerweightsandlowernoiselevels.Consequently,
becauseoflowervaluesofMachnumberalongthebladebutstillmostly
supersonicunderdesignconditions,theterm“modifiedsupersonic”has
beenappliedtothistypeofpropeller.Themodifiedsupersonicpro-
pe12.erwasdesignedfora forwardMachnumberof0.95,an advanceratio
of 3.2,md a powercoefficientof 0.42;ithasthesamethicknessratio
esthesupersonicpropellerof reference1. Theangleof advanceis
approximately600atthe0.7radiusstation.

—

—

—

Thepurposeofthisinvestigationwasto comparetheresultingaero- S
dynsmicperformanceofthemodifiedsupersonicpropellerwiththatofthe
supersonicpropeller(ref.1) andthusobtainan assessmentoftheimpor-
tanceof oneofthetwodesigparameterstiorementioned. .
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bladechord,ft

propellerpowercoefficient,P/pn%~

propellerthrustcoefficient,T/pn%4

propellerdismeter,f%

bladethickness,?%

propelleradvanceratio,v/Ire

lift-drag ratio

Machnumber

propellerrotationalspeed,rps
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P staticpressure,lb/sqft
w

Pt totalpressure,lb/sqf%

P power,ft-lb/sec

r rsdiusof anelementonbladefromcenterlineof rotation,ft

3

rs radialdimensionfrom

R propellertiprsdius,

T thrust,lb

x= 2r/D

X8 = 2rs/D

$ bladesngle,deg

centerlineofrotation,ft

ft

4

&t total-pressurerisein slipstream,lb/sqft

n propellerefficiency

P densityof air,slugs/ft3

Subscripts:

z localconditions

m free-stresmconditions

t prope~ertipcondition

APPARATUSANDTESTPROCEDURE

TestVehicle

ThepropellertestvehicleistheMcDonnell
airplaneandisshowninfigure1. Theairplane

XF-88Bpropellerresearch
is capableof speedsin

exc&s of a Machnumberof i.O. Itispoweredby twoJ-34jete~ginesand
oneT-38turboprop.Theturbopropenginedrivesthetestpropellerat
1,~10revolutionsperminuteforthetestsreportedherein,slthoughby*
interchanginggesm it canprotidepropellerspeedsof 3,600or 6,~ revo-
lutionsperndnute.Theenginecandeliver2,500brskehorsepowerat sea

.
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levelandisa forerunneroftheT-56presentlyinstalledin contemporary
turboproptransports,bothmilitsryandcomsrcial.A viewoftheengine w
iS shown

The
airplane

infigure2.

TestPropellerandSpinner .—
a

modifiedsupersonicpropelleris shownmountedontheresearch
infigure1. Thispropelleris a three-blade9.8-foot-diemeter

.-

configurationwiththesamegeo~triccharacteristicssndplanformas
thepropellerofreference1,themaindifferencebeinginthepitch
distribution.Theblade-formcirrvessreshowninfigure3. Thedesign
conditionsaresmadvanceratioof 3.2ata forwsrdMachnumberof0.95
at40,000feet. Thebladessrecomposedof16-seriessymmetricalair-
foilsectiontiththicknessratiovsryingfromO.02atthetipto 0.054
atthespinnerjuncture.Thebladeswerefabricatedfrom4340alloy
steelsadareof solidconstruction.Thisalloyhasanultimatetensile
strengthof180,000poundspersqusreinch.

Thebladesweretestedinconjunctionwitha 41°conicalspinner
whichwassealedatthebasebutopenatthebledejuncture.Thisspinner
causesa reductionintheflowvelocitythroughtheplsneofthepro-
peller;therefore,thepropellerdoesnotsensethetruefree-stresncon-
ditions.Measurementsweremadeto a pointcorrespondingto 0.5rsdius
onthispropelleron a replicanonrotatingspinnerto showthisalteration
inflowvelocity.Thisalterationis showninfigure4.

InstrumentationandDataReduction

TheXF-88BairplsneIsprovidedwitha varietyof instrumentation.
Thepowerisdeterminedfroma commerciallyavailableelectronicshaft
torquemeterwhichhasbeennmdifiedby theLangleylaboratory.This
instrumentis consideredtobe accurateto*2Ohorsepoweror a N@
of O.@ at30,000feet.

R?opellerthrustismeasuredby a slipstreamsurveyrakein a man-
nerdescribedinreference1. Totslthrustisobtainedfroman titegra-
tionofthetotsl-pressurerisemeasuredalongtherakefromthesideof
thefuselageto therakestationshowingzeroincrementalpressure.The
thrustdistributionswerecomputedfromthemeasuredtotel-pressuredis-
tributionsby theuseoftheshort-formequ~tion

.
pm 5/7

()~~ 4t
dCT
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derivedinreference1. Emsmuchasthetotal-pressureprobessre
w insensitiveto smsllchangesin angle,thethrustcalculatedinthis

fashiondoesnotaccountforrotationoftheslipstream.A correction
forslipstreamrotationasa functionof sectionpowerwasmade;the
sectionpowerwasdeterminedbymeasurementof slipstream-stagnation-
temperatureriseesoutlinedinreference1. Thiscorrectionaverages
about3 percent.

StsndardNACAinstrumentationwasutilizedformeasuringairspeed,
altitude,temperature,andaccelerations.A schematicdrawingshowing
theinstrumentationis showninfigure5.

RESULTSANDDISCUSSION

PropellerlHficiency

Figure6 presentsthevariationofpropellerefficiencywithfor-
wardMachnumber.A&o plotted=e thecorrespondingadv=ceratio,

& powercoefficient,andthrustcoefficient.TheMachnumberisthefree-
stresmMachnumbersmddoesnotincludethealterationcausedby the
41°conicslspinner.Thisalterationcausesa reductionin sectionMach

“ numberatleastintheinboardportionof thebladesndmustbe reflected
as anincreaseinsectionliftdragratio.I?Yee-stresmvelocityisused
inthedeterminationofpropellerefficiencyaathethrustismeasured
by theintegrationoftheslipstreamsurveyattherakestation,which
isoutoftheinfluenceof thespinner.

As shownin figure6, theefficiencyis 79percentatthedesign
Machnumberof 0.95. Thedesignadvanceratiowasexceededatthedesign
Machnumberbecausethetestswerecarriedoutat altitudeslowerthan
design.Thiswasnecessaryduetothel~tationsof thesltitudecapa-
bilityof theXF-88Bairplsne.

ThevariationofefficiencywithMachnumberisreplottedinfig-
ure7 togetherwiththatofthesupersonicpropeller(ref.1)to afford
a directcomparisonofperformance.Thecurveforthevariationof effi-
ciencywithMachnumberhasa nmreconventionalappearancethanthatfor
thesupersonicpropellerof reference1 becauseof thereductionin
advanceratio.Alsoplottedin figure7 istheoperatingadvanceratio.
As csnbe seen,theefficiencylevelishigheratthelowerMachnumbers
forthemodifiedsupersonicpropellerandis aboutthessmeforthedesign
Machnwber. A comparisonat a Machnumberof 0.75showsthatthemdi-
fiedsupersonicpropellerhasanefficiencyof 85percent,5 percenthigher

w thanthesupersonicpropeller.

.
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Thiscomparisonindicatesthatforthisdepsrturefromtheoptimum
advanceratiotherewaslittleeffectatdesignconditions.Thereason
forthesmalleffectcanbe seenInthevariationof lift-dragratiosof

w

low-thickness-ratioairfoils.Thisisanimportantconsideration,because
withthemodifiedpropellermorereasonablerotationalspeedsresultwith
muchlessnoisesndlowerpropellerweight.Thenoisecharacteristicsof
thispropellerhavebeenreportedon inreference2.

ThrustDistributions

ThrustdistributionsfortherangeofMachnunbersfrom ~ = 0.750
to I&= 0.948 areshowninfigure8 andarepresentedasvariationsin
differentialthrustcoefficientwithradialstationsforbothleftand
rightsurveyrakes.

Thethrustdistributionsaresmoothanduniformwithnobreakdowns
intheoutboardregionssuchasoccurwithsubsonicpropellersencountering
compressibilitylosses.Thesmoothdistributionis a resultof theuseof
thinsymmetrical.bladesectionswhichhaveverylittlechangeinlift-curve
slopeandangleof zeroliftthroughthetransonicregion.Itistobe b
notedthatthedifferentialthrustextendspastthepropellertipsta-

( )tion xs2= 1.0; thisextensionisduetotheexpansionoftheairmass
by theconical&uselagesndspinner.

Thecharacteristicdifferenceinthrust-distributionlevelsbetween
rightandleftswveyrakesresultingfrompropeller-thrust-sxisinclina-
tionis showninfigure8. Thedecreaseindifferencebetweenrightand
leftthrustdistributionsastheMachnumberincreasesreflectstheusual
decreasein sngleof inclinationofthethrustaxiswithforwardspeed.
Thedifferencecontinuestodecreaseuntilat & = 0.926thetwo&rveys
srecoincident;thissgreementindicatesansngleof inclinationofthe
thrustaxisof approximatelyOO. FurtherincreaseinMachnumberto 0.9~
resultsin anincreasein angleof inclination.Thisresultisinagree-
menttiththevariationintheslopeoftheliftcurve~ zeroliftangle
of theairplanebeyondtheforce-breskMachnumber.

ComparisonWithTheoreticalCalculations

Calculationoftheoptimumefficiencyofthispropelleratthedesign
forwardMachnumberof0.~48in anundisturbedfreestresmyieldsa value
of 81percentwhichisindicatedby thesolidsquareinfigure6. These

—

calculationsassumesectionliftcoefficientsformaximumL/D. Masmuch
asthepropellerwasdesignedtooperateinthisfashion,thepowercoef-
ficientcalculatedfromtheresultingpowerlosdingobtainedinthesecal- *
culationsisconsideredthedesignpowercoefficientandhasthevslue
of 0.42.As canbe seeninfigure6,theexperimentalvslueofthepower .
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coefficientisfairlycloseto thedesignoroptimumpowercoefficient.
w =nce,theexperimentalvalueofpropellerefficiencyisverycloseto

theoptimum.Onthebasisofthedataoffigurek sndtheassumptionof
a 10-percentreductionintheflowvelocitythroughthepropeller,the
calculatedpropellerefficiencyis 8kpercentbecause.ofthehigher
availableL/D ratios.

CONCLUDINGRIMARKS

Resultssrepresentedof a flightinvestigation
aerodynamiccharacteristicsof a malifiedsupersonic

to determinethe
propelleratfor-

wardMachnumbersup to about0.95. Thepropellerwasdesignedfora
forwardMachnumberof 0.95,sn advsnceratioof 3.2,anda powercoef-
ficientof0.42.

Theefficiencyofthepropelleris approximately79percentat a
Machnumberof 0.94-8sndan sdvsnceratioof 3.5. At lowerllachnmbers
theefficiencyishigher,beingabout8~p=cent ataMachnmnberof 0.75.

L Thesupersonicprope~erprducesthessmeefficiencyata Machnumhr
of 0.95butis5 percentlowerthanthatofthemodifiedsupersonicpro-
pellerata Machnunberof 0.75. Thedeparturefromoptimmangleof

● advancehasa mall effectfortheadvanceratioinvestigated.

LsngleyAeronauticalLaboratory,
NationalAkisoryCommitteeforAeronautics,

LangleyField,Vs.,June27,1958.
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Figure6.- Performancecharacteristicsofthemodifiedsupersonicpro-
pellerforflightMachnumbersup to 0.95.
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